Abstract Abstract: In financial risk management, whether for national and international entities, or within a firm, it is important to be able to decide what risks are altered by past experience (or intervention of a central banker at the national level, or a firm's risk manager at the employer level) and what risks do not vary over time (risks from intrinsic heterogeneity). Policies aimed at changing intrinsic risk will obviously not be cost effective, though tools for identifying such unchanging risks may help to minimize losses associated with those risks. This paper outlines a simple test that allows the researcher to distinguish these alternative risk types. We present our test in the context of patterns of workers' compensation lost day claims to test whether past experience explains repeated claims for some individuals, or whether some individuals exhibit an innate heterogeneity in claims-filing propensities. We find that a previous claim significantly increases claim probabilities in the future using easy to estimate and interpret "runs" tests on the claims. This suggests, for the risk management problem examined here, that early intervention to limit the effects of the first lost time claim may produce significant disability-cost savings with respect to future claims.
Introduction
One of the ongoing lessons from the current international financial, banking, and economic crisis is the importance of distinguishing risks that do not change over time (call this "intrinsic heterogeneity") from risks that are susceptible to change. As an empirical matter, do risk entities change their behavior enough in a crisis to justify early intervention, or is the risk of those entities intransigent, so that such interventions are largely a waste of resources, and the cost effective policy is to somehow "isolate" intrinsic risks?
Not just public policy makers, a firm's risk management also finds it important to distinguish between intransigent (intrinsic) heterogeneous risks from risk that is altered by past experience. We develop a simple test for distinguishing these risk types when repeated observations on the same entities are available. We apply this test using patterns of losses from a US firm's workers' compensation (WC) claims. WC is not only expensive to firms (roughly $80 billion per year, see Ruser and Butler, 2010) , and interacts with other employer provided benefits in ways that affects other program costs (Butler and Gardner, 2011) . The US WC system pays virtually all medical expenses and provides partial reimbursement for lost wages for workers with on-the-job injuries and for some occupational diseases.
Patterns of Claims: Distinguishing Heterogeneity from Experience Effects
Our sample comes from a cohort of workers from one firmeliminating the problems of differential risk management policy, alternative benefit programs, and unobserved management safety culture, relative to a panel across many firms. Following our panel of workers over time, the distribution of claims exhibits more repeated claims, and more individuals with no claims, than one would expect if workers' compensation claims were just a random Bernoulli process (i.e., the likelihood of a claims filing was constant across workers and over time). Three prominent explanations for these distributional results include: 1) residual impairments manifest themselves in repeated claims (i.e., workers do not fully recover from their injuries); 2) workers are inherently different in their preferences, so that a given health condition that would potentially qualify for a workers' compensation claim might elicit differential propensities to file claims over time, or differ in their intrinsic health (either of which results in a time-invariant heterogeneity across workers in claims-filing propensity); and 3) workers are potentially affected by filing a workers' compensation claim (injuryclaimant experience) in a way that affects the future likelihood of filing a claim (even if all workers start with the same filing propensity initially, that propensity changes for an individual worker once he or she files a claim). Under all explanations, we would see claims concentrated among some workers, while at the same time an unexpectedly large number of workers experience no claims at all (relative to a constant claims-filing probability).
In our sample of US workers from one firm, the residual impairments do not explain the observed patterns. We were able to match up the claim data with the nature of injury and injured body part, and create six broad classes of injuries for these workers: back strains (21 percent), other strains and sprains (32 percent), cuts (4 percent), fractures (3 percent), contusions and concussions (23 percent), and other injuries (16 percent). If the residual-impairment explanation of repeated claims is true, then those who repeat claims will tend to report the same type of claim last year as they do this year. Relatively few of the repeat claims, however, are for the same type of injury as occurred previously. Of the 1105 pairs of consecutive WC claims for the complete sample, only 25.2 or 22.8 percent reported injuries in the same broad category for both years. This is true despite the fact that a cut on the arm in one year is counted as the same claim type as a cut on the leg next year (given the broad nature of our six claim groups). The results hold when also examining claims two years apart, and under a variety of definitions of claims (whether using "first claim filed in any given year" or "any claims filed in that category during the year"). That is, there are relatively few injuries that are reported as being of the same type-only slightly more than one would expect if the injury types were random (and again, these are overstated because of the broad categories used for injury type).
Hence our inference problem for the bunching of claims reduces to the classic inference problem of sorting out heterogeneity (each worker has a different but time invariant probability of filing a claim) from experience dependence (injury-claimant experience for workers' compensation, where the likelihood of future claim-filing depends in part on whether past claims were filed). Injury-claimant experience effects can result from a worker's job-related skills declining with time away from work on an injury claim, even as worker's consumption skills and ability to use the disability system increase, hence lowering the opportunity cost of filing future claims.
Injury-claimant experience effects, that is, the things learned from the process of going through a social insurance claim such as workers' compensation insurance or unemployment insurance, has been estimated both by examining claimant-duration patterns and by examining repeat claims. Some claim-duration studies interpret negative duration dependence as evidence of injury-claimant experience: a claimant's probability of exiting the benefit system declines with time spent in the system as they become more acclimated to the system. Negative-duration dependence in benefit programs has been examined in studies looking at unemployment insurance (Heckman and Borjas, 1980) , Aid to Families with Dependent Children (Moffitt, 1992) , and workers' compensation (Butler and Worrall, 1985) . Studies examining the effects of injury-claimant experience by looking at repeat spells are less common. However, repeat spells in unemployment insurance have been examined by Corak (1993) , Lemieux and Macleod (1995) and McCall (1995) . Again, our study examines repeated spells in workers' compensation for employees from one firm in the US. Like the US unemployment insurance (UI) system, workers' compensation indemnity pay for non-work spells is a standard percentage of the pre-injury wage subject to minimum and maximum weekly benefits. Unlike UI benefits, workers compensation (WC) benefits are higher than UI benefits, received tax-free and potentially are of unlimited duration for serious injuries. Historically, there are more WC claims than there are UI claims.
Claim filing due to innate preference differences, determined before the onset of claims, we will call the heterogeneity effect. Claim filing due to practice, or experience with the benefit system, we will call the injury-claimant experience effect. As mentioned above, if there is heterogeneity in claim filing propensities between workers, and if this heterogeneity is intrinsic to the individual and not subject to intervention efforts, then perhaps the only purpose for targeting repeat users of workers' compensation is to segregate them into long-term counseling, or lower-cost chronic health treatments.
If, on the other hand, being on a workers' compensation claim increases the likelihood of filing future workers' compensation claims because of the acquisition of WC claimant skills, then there is a more compelling role for early, perhaps aggressive, intervention in risk management. Lowering the level of dependency may generate significant cost savings in the future. So knowing whether multiple claims arise from intrinsic heterogeneity or injury-claimant experience is interesting from both a policy and scientific perspective.
To understand the different implications of the heterogeneity versus the injury-claimant experience explanation of multiple claims, the analogy of three disability lotteries becomes instructive: the simple lottery, the heterogeneity lottery, and the injury-claimant experience lottery. In each lottery, a given worker has his/her own disability lottery urn from which he/she randomly draws white balls and red balls once a year. If the worker draws a red ball, he/she files a workers' compensation claim. If a white ball is drawn, he/she does not file a claim.
In the simple lottery, we assume that everyone has the same proportion of red balls in his/her urn and that balls are drawn with replacement. Each time a ball is taken out, it is put back in the urn and the balls in the urn randomly shuffled. In the simple lottery, the composition of red and white balls is constant across workers and constant over time. For example, suppose that the urn contains 100 balls, with 5 red balls and 95 white balls. Since everyone draws from urns with the same fraction of red balls, and the composition of the balls in the urn doesn't change from draw to draw, there are no heterogeneity or injury-claimant experience effects and everyone has a 5 percent chance of filing a claim. This is a Bernoulli process. In a large number of trials, each worker will file a workers' compensation claim only about once in every 20 years. But the theoretical outcomes of a simple lottery model are compared with actual patterns of claims, there are many more workers with multiple claims in the empirical data than the simple lottery would predict.
Workers who draw multiple red balls over the course of several years can be explained by either of the other two lotteries: the heterogeneity lottery or the claimant-injury-experience lottery. The difference between these two lotteries is in the way that draws are made. In the heterogeneity lottery, all individuals still have their own disability urns, but the proportion of red balls varies from person to person, perhaps due to intrinsic health differences. For example, some may have 50 red balls and 50 white balls, so that a workers' compensation claim will be filed, on average, every other year. Some will have 25 balls and file a claim about once every fourth year. Some may have only 1 or 2 red balls in their 100 ball urn; they would rarely file a claim. In the heterogeneity-disability lottery, the probability of filing a claim doesn't vary over time for any given individual, but does vary between individuals. Since the probabilities are assumed to be intrinsically fixed for any given individual, though they may vary across individuals, intervention wouldn't affect subsequent behavior.
In contrast to the heterogeneity lottery, where initially workers have different proportions of red and white balls in their urns, the injury-claimant experience lottery initially has the same proportion of red balls across all workers. Hence, there is no difference in the initial claims-filing probability (i.e. no heterogeneity) in the injury-claimant experience lottery. But now when someone draws a red ball and experiences a disability claim, some injury-claimant experience is accumulated that changes the future probability of claims filing. This injuryclaimant experience may take several forms: the marginal nuisance cost of filing a claim falls as more claims are filed, expertise increases in finding sympathetic claims management or treating physicians (many employees choose their own treating physicians under WC), or the relative value of work to leisure falls as work skills depreciate.
In the injury-claimant experience lottery, therefore, instead of simply replacing the red ball when a claim occurs, we change the color composition of the urn by putting additional red balls in the place of white balls each time a single red ball is drawn. Suppose that when a red ball is drawn out, we put 21 red balls back while removing 20 white balls-the initial draw of a red ball raises the probability of drawing a red ball next time from 5 percent to 25 percent. Over the course of many draws, initial users of the system will tend to end up in the multiple-claims group because of this injury-claimant experience effect. This claimant-injury-experience lottery captures the notion that disability injury-claimant experience changes workers' future behavior because claimant-consumption skills accumulate, lowering the cost of filing future claims.
But if early intervention for someone who has drawn a red ball in the injury-claimant experience lottery can change this preference (i.e., can mitigate the shift to additional red balls), such intervention may have a potentially large payoff as it speeds returns to work not only in the current period but also reduces the likelihood of filing more claims in the future. Butler, Johnson, and Gray (2009) find that an early nurse contact is an effective risk management strategy as it significantly reduces costs in a sample of low back pain claims for one large corporation. For example, consistent and sincere communications to the workers about their "temporary work intolerance," their importance to the company, and the company's willingness to modify work until full recovery, may considerably alter the composition of red balls in the injury-claimant experience lottery. Instead of replacing the single red ball drawn with 21 more as discussed above, perhaps only 4 more are replaced. Then the workers likelihood of a claim filing will rise from 5 to 8 percent rather than from 5 to 25 percent.
While the injury-claimant experience and heterogeneity disability lotteries suggest that repeat usage by some individuals will be relatively common, the reasons for subsequent use might vary. In the heterogeneity model, the subsequent use is the result of innate differences across workers; in the injuryclaimant experience model, it is because their initial experience develops a stock of claimant skills that lowers the cost of filing subsequent workers' compensation claims.
Distinguishing Heterogeneity Patterns from Claimant-Injury-Experience Patterns
To distinguish between injury-claimant experience and heterogeneity models we need to follow workers over multiple years beyond the initial claim. Consider claim patterns for several years, where in a given year, "0" denotes no claim and "1" denotes that a workers' compensation claim has been filed. The claims' patterns for any given worker can be written as a string of zeros and ones moving left to right. In the first four years we might observe patterns of runs such as (1111) for workers who file a claim for each of their first four years at work, (0000) for those filing no claims during their first four years, and (1010) for those workers in which a claim is filed in the first and third years of employment.
If one starts with the premise that all urns initially had the same, relatively small proportion of red balls, a (1111) pattern might be seen as evidence of either injury-claimant experience or heterogeneity. Similarly, a (0000) pattern may indicate individuals with low propensities to file claims, either because there are few balls in their own urns (heterogeneity) or because the absence of initial claims never increased their propensity to file future claims.
In Tables 1(a) and (b), we present some of the runs patterns for new hires in a single company. The focus on new hires means that all workers essentially come into our sample with no prior workers' compensation experience that we need to take into account: the first "0" or "1" we observe is their first on-the-job experience with workers compensation. (That is, to avoid the "initial conditions" problems that arise from not having a complete history of the workers' claims experience for each worker, we focus on the record of new hires with the company.) Additionally, to control for other unobserved factors, we examine workers in a single blue collar occupation. All these employees work part-time in a single division of the company. Hence we are able to control for what typically are unobserved differences in the demand for labor. In these tests, we use roughly 9 years of data. In Tables 1(a) and (b) , we have included all those patterns for new hires with at least 5 individuals in each run. As will become apparent below, patterns of all zeros or patterns with all ones do not allow us to differentiate between heterogeneity and injury-claimant experience, and so are excluded from consideration in Tables 1(a) and (b). (For the Table 2 sample of males, there are 3608 workers with a (00) pattern, 1510 with a (000) pattern, 916 with a (0000) pattern, 57 with a (11) pattern, 8 with a (111) pattern, and 1 with a (1111) pattern.)
One way to control for unobservable heterogeneity in the composition of red balls is based on patterns containing equal numbers of claims. For example, (001), (010), and (100) all contain one claim in three years and so are equally likely in terms of the number of their occurrences as long as there is no claimant-injury-experience effects. If there is no claimant-injury-experience effect, the probability of observing only one claim in three years should be independent of the year in which the claim is filed. The Bernoulli model of the simple lottery with no heterogeneity would also imply that equal probabilities should be observed for the three patterns (011), (101), and (110).
A formal test of the Bernoulli model can be based on a comparison of the actual number of times each of these patterns occurred with number of times we would expect a pattern to occur if it were a Bernoulli model. For the female data in Table  1 (a), since the (001), (010), (100) patterns are equally likely to occur in the Bernoulli model (even with heterogeneity across workers), then on average we expect each pattern to occur 104 times (the average of 83, 157, and 73). A simple chi-square test comparing the actual number with the expected number yields a value of 36.37, which rejects the null hypothesis of the Bernoulli model at the 1 percent level of statistical significance. Similarly, the (011), (101) and (110) patterns should each occur 20.333 times (the mean of 27, 7, and 27). Again, the chi-square rejects the Bernoulli model (at the 1 percent level, as it does for all of the appropriate combinations of patterns in Tables 1(a) and 1(b)). The assumption that a simple Bernoulli process is present, with or without heterogeneity, is therefore not supported by the data.
An alternative hypothesis is that there is injury-claimant experience, so that prior claims experience affects the probability of filing a claim in the future. We explore the implications of a general class of claimant-injury-experience models, the linear experience dependency, or LED, models. In this family of models, each year in which there is a claim, the likelihood of a claim the following year increases by β. In each year in which there are no claims filed, the probability of filing a claim subsequently is reduced by α. If we assume that α = β = 0, then there are no learning effects, and we get the Bernoulli process as a special case. If we assume that α = 0, and β > 0, then we have a strong form of injury-claimant experience in which a single claim increases future claim-filing propensities, while several years of no claim experience doesn't reduce claimsfiling propensities. Under this STRONG form of the LED model, we would expect that the data would be ranked as they are in the second column of Table 1(a). Under the strong form of the LED model, the likelihood of observing (01) is simply (1-P) × P; whereas the likelihood of observing (10) is P × (1 -(P + β)), where P is the initial probably of filing a claim. Hence, in the strong LED model it is the case that Pr(01) > Pr(10), where Pr( ) denotes the probability of observing that sequence of claims experience. Similar calculations within all the blocks containing the same number of claims, as indicated by the "[ ]" groupings, yields the ranking in the third column from the left labeled "STRONG LED Ranks."
This strong form of the LED model is too restrictive in its predictions about behavior if continual employment without a claim tends to lower the propensity of filing workers' compensation claims. While there are many weaker versions of injury-claimant experience, the one we find intuitively appealing assumes that the likelihood of future claims rises more on average in a year in which there is a workers' compensation claim than it fails in a year in which there is no claim. The WEAK version of the LED is the expected impact of experiencing a claim is greater than the expected impact of a no-claims experience, or P × β > (1 -P) × α.
For relatively rare events like workers' compensation where P is initially much less than a half, this means that β will be much greater than α. This simply suggests that experiencing a claim will shift the likelihood of a future claim up much higher in absolute terms than will a no-claims experience shift it downwards. It is relatively easy to show that this condition implies the rankings given in the middle column under the heading "WEAK LED Ranks."
In general for any n-tuple pattern, the following three results (which can be shown by some tedious algebra) hold:
RESULT 1: Pr(01,XYZ..) > Pr(10,XYZ..), where "XYZ.." represents any specific subsequent pattern of zeros and ones, if
RESULT 2: Pr(0..0,01) > Pr(0..0,10), where "0..0," represents n zeros preceding the last two indicated outcomes, if P × β > (1 -P) ·α + n· α · (α + β).
RESULT 3: Pr(1..1,01) > Pr(1..1,10), where "1..1," repressents n ones preceding the last two indicated outcomes, if
These results are sufficient to generate most of the WEAK LED rankings given in Table 2 . This also suggests why patterns like (0001) and (0010) cannot be ranked in the WEAK LED case (result 2): the initial multiple rounds of no claims experience means the worker is accumulating some "work" experience that is impossible to weigh against future "claims" experience without more specific assumptions, and so it is impossible to rank these cases under our WEAK rule without specific knowledge of the values of α and β.
Finally, we are assuming that there is no depreciation of the experience effect in these runs examples. This turns out, surprisingly, to be a relatively reasonable assumption over our sample period. We are able to examine this issue with a more complex econometric analysis in Table 3 . 
Sample and Empirical Results
From the sample means presented in Table 2 , it is clear that focusing on new hires results in a working population that is both relatively young (about 33 years old) and with only 6 or 7 years of experience with the company on average. Besides trying to control for initial conditions and demand-side forces by looking only at the newly hired, we have focused on just one blue collar occupational group working for one US firm. The complete sample has part-time division-A workers, all of whom qualify for workers' compensation insurance. Workers are mostly males, about half of whom are married. We chose to analyze part-time workers in Tables 1(a) and (b) specifically because they are not eligible for the employer-provided disability benefits, thus eliminating another possible confounding influence of workers' compensation claims.
The comparison of the expected ranks with the actual ranks indicates little support for the STRONG version of the LED model. However, all of our results are consistent with our weak LED ranks given injury-claimant experience except for the "[011], [101] , and [110]" blocks in Table 1 (b) (for males). We believe that these results are strongly suggestive of injuryclaimant experience, especially as they hold demand heterogeneity constant. They imply that experiencing a workers' compensation claim now has a much greater effect on subsequent claimant behavior than working now has on the subsequent likelihood of working. While prior research has found that males and females differ in their workers' compensation experience (Worrall, Appel, and Butler, 1987) , ceteris paribus, we found statistically significant (using chi-square tests) evidence of weak LED ranks supporting injury-claimant experience, for both males and females. Table 3 expanding the non-parametric runs test in Table 1 to a parametric setting (logistic regression), indicates that the most consistent results are that disciplinary action increases the probability of entering into the disability system, and that prior use of the system increases the likelihood of filing future claims. The results in Table 3 indicate that a disciplinary notice (given for poor job performance, not for health-related reasons) is likely to increase the probability of filing a WC claim from about 12 to 15 percent, even after controlling for benefits-consumption-capital effects. Past disciplinary notices also signifycantly increase the likelihood of filing a claim, although the effect is only about one fourth as strong as the effect of a current disciplinary notice.
Regression Model Counterpart
The estimated injury-claimant experience effects are substantial, even after controlling for heterogeneity using a random effects model (in the right hand column). Tests indicate that the effect of prior claims on current claim filing remains strong for at least 5 years after a claim is filed. The chi-square tests cannot reject the null hypothesis that the lagged coefficients all have the same value. Since we cannot reject this null hypothesis, there appears to be no depreciation in injury-claimant experience effects for the first five years after a claim. If we take 0.5 as a conservative estimate of prior experience on current claims probability, then each prior claim increases the current probability of a claim by slightly more than 5 percent. Those who have experienced claims in 2 of the past 5 years are almost twice as likely to file a claim this year as someone who has not experienced any prior claims.
Summary and Conclusions
A common financial risk management problem, both at the level of nations and for individual firms, is to distinguish risks that can be changed by some sort of intervention from risks that cannot be changed. Firms struggling to reduce medical-care costs or disability costs are searching for ways to manage benefits programs to achieve that end. Crucially important is understanding why some employees file disability claims at a much higher rate than others do. Is it simply an intrinsic difference in health status or does participation in the disability-insurance system lead to an injury-claimant experience effect that increases the filing of subsequent claims quite apart from health status?
To answer this question, we analyzed individual blue-collar employee data from a large private US firm using "runs" tests that analyze patterns of claims filings and compares these with a random Bernoulli process. The runs test indicates that claims filings are not a simple random lottery nor a heterogeneity lottery (without injury-claimant experience). Therefore, health status and/or "injury-claimant experience" effects on claims filings seem to be a potentially significant explanation, a priori.
Though firm characteristics ("demand conditions") are held constant because all employees come from the same firm with a common overall workplace risk environment, these runs test imposes two restrictive assumptions: 1) differences in workers' socio-economic characteristics don't affect outcomes; and 2) there is no depreciation of the "injury-claimant experience" effect over time. While our sample of new employees from one firm offers more advantages over samples ranging across firms, occupations, and unmeasured differences in the human resource/employee benefits environments, the analysis still suffer from potentially unmeasured, time-varying factors, including the underreporting of workplace injuries (Boone and van Ours, 2006) . Nonetheless, our results suggest that the potential importance of injury-claimant experience in workers' compensation warrants the scrutiny of this important result in future research. Clearly, the empirical ideas and models here also may have application to the behavior of other entities subject to financial risks, such as banks and countries within a common currency zone.
These findings have important implications for firm and public policy. It would appear that resources invested in reducing injury-claimant experience effects, as well as improving the health status of employees, would have large payoffs in reducing insurance costs and productivity losses (Butler, Johnson, and Gray (2007) provide analogous results for a different sample using a different statistical approach). Exactly what the appropriate early intervention strategy should be, whether applied internally by the firm and perhaps through changes in the mandated workers' compensation system, is a question that should receive the attention of private managers and public policy makers.
